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Seasonal inﬂuenza infection is a major challenge in public health.  The term “seasonal inﬂuenza” refers 
to the typical increase in the number of inﬂuenza patients in the winter season in temperature zones.  
However,  it is not clear how environmental factors within a single ﬂu season aﬀect inﬂuenza infection 
in a human population.  Therefore,  we evaluated the eﬀects of temperature and humidity in the 2006-7 
ﬂu season on the onset of seasonal inﬂuenza using a case-crossover study.  We targeted patients who 
attended one pediatric clinic in Okayama city,  Japan and who were diagnosed as being infected with 
the seasonal inﬂuenza virus.  Using 2 references (time-stratiﬁed and symmetric bidirectional design),  we 
estimated the eﬀects of average temperature and relative humidity from the onset day (lag0) to 10 
days before (lag10).  The total number of subjects was 419,  and their onset days ranged from 26 
December 2006 to 30 April 2007.  While the onset was signiﬁcantly associated with lower temperature,  
relative humidity was not related.  In particular,  temperatures before the 3-day incubation period had 
higher-magnitude odds ratios.  For example,  the odds ratio and 95ｵ conﬁdence interval for average 
temperature at time lag 8 was 1.12 (1.08-1.17) per 1.0℃ decrease.  Low environmental temperature 
signiﬁcantly increased the risk of seasonal inﬂuenza onset within the 2006-7 winter season.
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n recent years,  awareness of the epidemiology 
and prevention of infectious diseases has grown 
due to the appearance of new pathogens,  such as the 
pandemic (H1N1) 2009 virus,  avian inﬂuenza virus and 
Severe Acute Respiratory Syndrome (SARS) corona-
virus.  Therefore,  research ﬁndings that elucidate the 
mechanisms of transmission and can help forecast 
infections such as inﬂuenza are eagerly sought [1].  A 
study of environmental factors aﬀecting inﬂuenza 
infections may contribute to the clariﬁcation of trans-
mission mechanisms.  It is not clear how environmental 
factors such as temperature and humidity aﬀect inﬂu-
enza infections in human populations.
　 Several studies have examined the association 
between environmental factors and the inﬂuenza virus 
in a laboratory environment and in humans.  In the 
laboratory,  survival of the inﬂuenza virus was longer 
and virus transmission was promoted at low-tempera-
ture and low-humidity conditions [2,  3].  In human 
populations,  although weekly or monthly data has 
indicated that,  in the temperature zone,  the number 
of inﬂuenza patients increases in the winter season 
[4-6],  there has been no clear evidence that virus 
transmission is promoted at relatively low-tempera-
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ture and low-humidity conditions within a single sea-
son.  Therefore,  we do not know what environmental 
factors might contribute to epidemics of inﬂuenza in 
the temperate zone [3,  7] or how environmental fac-
tors aﬀect the pattern of inﬂuenza infection in a human 
population within a single winter season.  On the other 
hand,  in the tropical and subtropical zones,  which do 
not have a winter season,  it has been reported that the 
seasonality of inﬂuenza was either unclear or tended 
to increase in the rainy season [8-10].  Therefore,  it 
is worthwhile to investigate the association between 
environmental factors and inﬂuenza infections within 
the same season.  Previous researchers have used 
weekly or monthly data to investigate the associations 
between seasons and inﬂuenza infections [4-6].  In the 
present study,  we used daily data and a case-cross-
over design to evaluate whether environment factors 
such as low temperature and low humidity increased 
the risk of inﬂuenza infections among humans within a 
single winter season.
Materials and Methods
　 Case identiﬁcation. The investigation was 
conducted from 26 December 2006 to 2 May 2007.  
We targeted patients who attended one pediatric clinic 
in Okayama city,  Japan and who were diagnosed as 
being infected with the inﬂuenza virus.  The clinic 
serves an average of approximately 150 outpatients 
daily and is regarded as one of the largest pediatric 
clinics in Okayama city.  The diagnosis of inﬂuenza 
infection was made by the Point-of-Care Testing 
(POCT) product of inﬂuenza Capillia FluA＋B®.  
This is a test which involves immunochromatography 
and uses a monoclonal antibody having a high speciﬁc-
ity to the inﬂuenza virus.  According to the test docu-
mentation,  the sensitivity and speciﬁcity of the mono-
clonal antibody to the type A inﬂuenza virus are 
96.4ｵ and 94.3ｵ,  respectively,  and the sensitivity 
and speciﬁcity to the type B inﬂuenza virus are 
83.8ｵ and 100ｵ,  respectively.  All patients whom 
doctors suspected of inﬂuenza infection and whose 
parents agreed to their being tested were examined.  
In total,  we identiﬁed 422 subjects who had a positive 
reaction to POCT.  Details regarding the ﬁrst day of 
fever were available for all subjects.  Since most 
inﬂuenza patients develop fever within 24h of onset,  
we deﬁned the ﬁrst day of fever as the onset day.  All 
subjects developed fever.
　 Meteorological data. We obtained daily data 
of average temperature (Celsius,  ℃) and relative 
humidity (ｵ) in Okayama city (34ﾟ39ʼ6”Ｎ, 133ﾟ55ʼ0”
E) from the Japan Meteorological Agency (＜http://
www.data.jma. go.jp/obd/stats/etrn/index.php＞
accessed May,  2007).  We deﬁned the daily average 
temperature and relative humidity as exposure vari-
ables.  The distance between the temperature and 
humidity measurement point in Okayama city and the 
pediatric clinic was about 6 kilometers.
　 Study design. We conducted a case-crossover 
study,  which is a variation of a case-control study 
[11].  The major diﬀerence between case-crossover 
design and matching case-control studies is that each 
case serves as its own control in the case-crossover 
design [11].  The association between exposure and 
disease is assessed by comparing the exposure status 
of a case when manifesting symptoms with his or her 
exposure status at earlier or later periods when symp-
toms were not present.  The case-crossover design has 
been used in studies of temperature and stroke [12,  
13] and in another study of air pollution and respira-
tory morbidity [14].  This design is also used in the 
ﬁeld of infectious disease [15-17].  We examined 2 
ways of selecting references to overcome the time 
trend of exposure,  which is a limitation of the case-
crossover design: time-stratiﬁed design and symmet-
ric bidirectional design.
　 We used time-stratiﬁed design,  which can control 
for the season and the day of the week [18].  Further-
more,  this design is considered to lead to unbiased 
conditional logistic regression estimates [18].  
Reference days were the same days of the week as the 
onset day in other weeks of the same month; for 
example,  when the onset day was 7 Feb 2007 (Wed),  
we considered 14 (Wed),  21 (Wed),  and 28 (Wed) 
Feb 2007 as reference days.  In addition,  we com-
pared the exposure before the onset day with the 
exposure before the reference days,  shifting each 
exposure from the onset day or reference days (lag0) 
to 10 days before (lag10) in the same manner [19].  
As a result,  the design had a 3 : 1 or 4 : 1 
(reference: case) matched case-crossover design.  We 
also used symmetric bidirectional design,  although 
this design is considered to lead to bias,  in comparison 
with the time-stratiﬁed design,  during conditional 
logistic regression analysis [18].  Here,  the same day 
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of the week as the onset day in the week before and 
after onset were selected as the reference days; for 
example,  when the onset day was 7 Feb 2007 (Wed),  
we considered 31 Jan (Wed) and 14 Feb (Wed) 2007 
as reference days.  The design had a 2 : 1 matched 
case-crossover design [12,  13].
　 The study procedures were approved by the Ethics 
Committee on Epidemiologic Research of Okayama 
University Graduate School of Medicine,  Dentistry,  
and Pharmaceutical Sciences (No. 171).
　 Statistical analysis. In both time-stratiﬁed and 
symmetric bidirectional designs,  we used average 
temperature and relative humidity as covariates in the 
conditional logistic regression model.  These meteoro-
logical data were treated as continuous variables.  In 
all data analysis,  we adjusted average temperature 
and relative humidity with each other; i.e.,  when one 
of them was treated as the exposure variable,  the 
other was considered as a confounder.  We then esti-
mated the odds ratios (ORs) and 95ｵ conﬁdence 
intervals (CIs) from lag0 to lag10 exposure period,  
respectively.  In addition,  we categorized meteoro-
logical data into quartiles in the time-stratiﬁed design,  
which is known to be a better design than the sym-
metric bidirectional design,  and also assessed the 
dose-response relationships.  We deﬁned the highest 
average temperature or relative humidity category as 
the reference groups.
　 Further,  as a supplementary analysis,  we also 
conducted a stratiﬁed analysis by inﬂuenza types using 
the time-stratiﬁed design.  To minimize the possibility 
of residual confounding due to time-dependent factors 
(e.g.,  socializing around New Yearʼs days),  we also 
conducted a supplementary analysis by restricting the 
subjects to those who had an onset in March,  2007 by 
using the time-stratiﬁed design.
　 We used SPSS11.0 for Windows to analyze the 
data.  A p value less than 0.05 (two-sided) was consid-
ered statistically signiﬁcant.
Results
　 In total,  422 patients consulted the pediatric clinic 
from 26 December 2006 to 2 May 2007 and were 
diagnosed as having inﬂuenza by POCT.  We excluded 
three cases because the date of fever onset was 
unknown.  Therefore,  we analyzed 419 cases.  The 
dates of fever onset ranged from 26 December 2006 
to 30 April 2007.  Demographic characteristics of the 
subjects are shown in Table 1.  Mean values for 
meteorological data by month are shown in Table 2.  
The average temperature and relative humidity ranged 
from 2.6℃ to 18.6℃ and from 37ｵ to 90ｵ,  
respectively.  The number of subjects who had fever 
onset on each day is plotted in Fig. 1,  along with daily 
meteorological data.  The peak of the inﬂuenza out-
break during the 2006/07 season was observed in the 
middle of March.
　 Table 3 shows ORs and their 95ｵ CIs between 
average temperature/relative humidity and onset of 
inﬂuenza from lag0 to lag10 exposure period using the 
time-stratiﬁed design.  Regarding average tempera-
ture,  the crude and adjusted point estimates of ORs 
were 1.05-1.12 and 1.05-1.12 per 1.0℃ decrease,  
respectively.  In comparison with temperatures during 
the lag0 to lag3 exposure period,  which is the incuba-
tion period of the inﬂuenza virus [20],  temperatures 
during lag4 or before this period had a higher magni-
tude of ORs.  With regard to relative humidity,  
although some ORs were signiﬁcant in the crude data,  
the associations were almost non-signiﬁcant after 
adjustment.
　 Table 4 shows ORs and their 95ｵ CIs between 
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Table 1　 Demographic characteristics of the study subjects
Characteristic Subjects (n＝419)
Sex
　Male 219 (52.3)
　Female 200 (47.7)
Age, y 5.7±3.6
Inﬂuenza type
　A 240 (57.3)
　B 179 (42.7)
Data are no.  (%) of subjects or mean ± standard deviation.
Table 2　 Meteorological data by month; Okayama city,  Japan 
2006-2007
Month Average temperature (℃) Relative humidity (%)
December  8.0±1.8 69±10
January  6.2±1.1 64±8
February  7.9±2.3 62±10
March  9.4±3.5 57±9
April 14.1±2.7 57±11
Data are mean ± standard deviation.
average temperature/relative humidity and onset of 
inﬂuenza from the lag0 to lag10 exposure period using 
symmetric bidirectional design.  The results using this 
design showed the same trend as the results obtained 
from the time-stratiﬁed design,  although the point 
estimates were closer to the null.
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Fig. 1　 Number of subjects at onset date and the meteorological data in Okayama city for 2006-2007.
Table 3　 Onset of inﬂuenza and 24-hour average temperature or relative humidity by Time-stratiﬁed design
Lag Days＊
Average Temperature Relative Humidity
Crude Adjusted＊＊ Crude Adjusted＊＊
Lag0 1.05 (1.02-1.09) 1.05 (1.02-1.09) 1.01 (1.00-1.02) 1.00 (0.99-1.01)
Lag1 1.05 (1.02-1.08) 1.05 (1.01-1.08) 1.01 (1.00-1.02) 1.00 (0.99-1.02)
Lag2 1.06 (1.02-1.10) 1.08 (1.04-1.12) 1.00 (0.99-1.01) 0.99 (0.98-1.00)
Lag3 1.08 (1.04-1.11) 1.09 (1.05-1.13) 1.00 (0.99-1.01) 0.99 (0.98-1.00)
Lag4 1.09 (1.06-1.13) 1.11 (1.06-1.15) 1.01 (0.99-1.02) 0.99 (0.98-1.00)
Lag5 1.11 (1.07-1.15) 1.09 (1.05-1.13) 1.03 (1.01-1.04) 1.01 (1.00-1.02)
Lag6 1.12 (1.08-1.16) 1.09 (1.05-1.14) 1.03 (1.02-1.04) 1.02 (1.00-1.03)
Lag7 1.10 (1.07-1.14) 1.12 (1.08-1.16) 1.01 (1.00-1.02) 0.99 (0.98-1.00)
Lag8 1.12 (1.08-1.16) 1.12 (1.08-1.17) 1.02 (1.01-1.03) 1.00 (0.99-1.01)
Lag9 1.12 (1.08-1.16) 1.10 (1.05-1.15) 1.03 (1.02-1.04) 1.01 (1.00-1.03)
Lag10 1.10 (1.06-1.14) 1.09 (1.05-1.13) 1.02 (1.00-1.03) 1.00 (0.99-1.02)
Data are odds ratio (95% conﬁdence interval),  which are calculated per 1.0℃ temperature decrease and per 1.0% relative humidity 
decrease.
＊For example,  lag0 means the onset day,  lag1 means a time lag of one day before the onset day and lag2 means a time lag of 2 days 
before the onset day.
＊＊Simultaneously,  adjusted for average temperature and relative humidity.
　 Finally,  we assessed the association between aver-
age temperature/relative humidity and onset of inﬂu-
enza using categorized exposure data from the lag0 to 
lag10 exposure period.  Clear dose-response relation-
ships were observed between average temperature and 
onset of inﬂuenza in almost all lag periods.  For 
example,  as shown in Table 5,  the result of lag8 
exposure,  which had one of the strongest associations 
(Table 3),  showed that subjects in the lowest temper-
ature category (3.0-6.4℃) were about 2.5 times more 
likely to be infected compared to those in the highest 
temperature category (12.5-18.5℃) (results of other 
lags are not shown).  With regard to the adjusted rela-
tive humidities,  no obvious associations were observed 
in almost all lag periods.
　 When we conducted a stratiﬁed analysis by inﬂu-
enza type,  we found no substantial diﬀerences 
between inﬂuenza A and B; their point estimates of 
adjusted ORs in average temperature were 1.05-1.14 
and 1.03-1.11 per 1.0℃ decrease,  and were 0.99-
1.02 and 0.98-1.01 per 1.0ｵ decrease,  respectively.  
Moreover,  when we restricted the subjects to those 
who had onset in March,  we observed slightly higher 
point estimates of ORs in average temperature,  
whereas we found no clear patterns in relative 
humidity; the adjusted point estimates of ORs in aver-
age temperature and relative humidity were 1.06-1.16 
per 1.0℃ decrease and 0.98-1.03 per 1.0ｵ decrease,  
respectively.
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Table 4　 Onset of inﬂuenza and 24-hour average temperature or relative humidity by symmetric bidirectional design
Lag Days＊
Average Temperature Relative Humidity
Crude Adjusted＊＊ Crude Adjusted＊＊
Lag0 1.04 (1.00-1.08) 1.03 (0.99-1.07) 1.01 (1.00-1.03) 1.01 (1.00-1.02)
Lag1 1.02 (0.98-1.06) 1.01 (0.97-1.05) 1.01 (1.00-1.02) 1.01 (0.99-1.02)
Lag2 1.02 (0.98-1.06) 1.04 (1.00-1.08) 0.99 (0.98-1.00) 0.99 (0.97-1.00)
Lag3 1.03 (0.99-1.07) 1.04 (1.00-1.08) 1.00 (0.99-1.01) 0.99 (0.98-1.01)
Lag4 1.04 (1.00-1.08) 1.05 (1.01-1.10) 1.00 (0.99-1.01) 0.99 (0.98-1.00)
Lag5 1.05 (1.01-1.09) 1.04 (1.00-1.09) 1.01 (1.00-1.03) 1.01 (0.99-1.02)
Lag6 1.07 (1.02-1.11) 1.05 (1.00-1.09) 1.02 (1.01-1.03) 1.01 (1.00-1.03)
Lag7 1.05 (1.01-1.09) 1.07 (1.03-1.12) 1.00 (0.98-1.01) 0.99 (0.97-1.00)
Lag8 1.05 (1.01-1.10) 1.06 (1.02-1.11) 1.00 (0.99-1.02) 1.00 (0.98-1.01)
Lag9 1.04 (1.00-1.08) 1.02 (0.98-1.07) 1.02 (1.00-1.03) 1.01 (1.00-1.03)
Lag10 1.02 (0.98-1.07) 1.02 (0.97-1.06) 1.01 (0.99-1.02) 1.00 (0.99-1.02)
Data are odds ratio (95% conﬁdence interval),  which are calculated per 1.0℃ temperature decrease and per 1.0% relative humidity 
decrease.
＊For example,  lag0 means the onset day,  lag1 means a time lag of one day before the onset day and lag2 means a time lag of 2 days 
before the onset day.
＊＊Simultaneously,  adjusted for average temperature and relative humidity.
Table 5　 Dose-response relationship between meteorological exposures and onset of inﬂuenza at time Lag8
Average Temperature Relative Humidity
Crude Adjusted＊ Crude Adjusted＊
1st＊＊ 1 (Reference) 1 (Reference) 1 (Reference) 1 (Reference)
2nd 1.63 (1.13-2.33) 1.68 (1.15-2.45) 1.48 (1.08-2.01) 1.17 (0.84-1.64)
3rd 2.84 (1.99-4.04) 2.77 (1.91-4.02) 1.42 (1.03-1.95) 1.07 (0.76-1.50)
4th 2.54 (1.79-3.61) 2.54 (1.70-3.79) 1.82 (1.32-2.50) 1.10 (0.75-1.61)
Data are odds ratio (95% conﬁdence interval).
＊Simultaneously,  adjusted for average temperature and relative humidity.
＊＊Categorized into quartiles as follows: 1st (12.5-18.5℃ or 65-88%),  2nd (8.2-12.4℃ or 59-64%),  3rd (6.5-7.8℃ or 52-58%),  and 4th 
(3.0-6.4℃ or 39-51%).
Discussion
　 In the present study,  we demonstrated that the risk 
of inﬂuenza onset within a single temperate-zone win-
ter season was associated with lower temperatures and 
especially with lower mean temperature before the 
3-day incubation period.  Relative humidity showed no 
relation to the risk of inﬂuenza.  This study is the ﬁrst 
to quantify the eﬀects of environmental factors (aver-
age temperature and relative humidity) on inﬂuenza 
infections within a single season in a human popula-
tion.
　 Our results agree with previous studies carried out 
in laboratories which have shown that low tempera-
tures increased the survival time and accelerated the 
transmission of the inﬂuenza virus [2,  3].  In the 
present study,  we showed that low temperatures for 
all lags were associated with the onset of inﬂuenza,  
which would reﬂect that there are many mechanisms 
between exposure and onset (e.g.,  the survival time of 
the virus,  the immune response of the host,  the dis-
tribution of protease/protease inhibitor in the host,  
and the clearance ability of the virus in the host [6,  
21]).  We considered these mechanisms as intermedi-
ate variables.  Furthermore,  among all lags,  lower 
temperatures before the incubation period had higher-
magnitude ORs.  This implies that temperatures 
before inﬂuenza viruses invade the human body are a 
more important factor than temperatures after the 
incubation period has begun.  So,  low temperatures in 
the environment would promote the entrance of the 
virus into the human body.  However,  we did observe 
an association between low temperature at lag0 and 
inﬂuenza onset,  which is not compatible with a bio-
logical explanation.  This eﬀect at lag0 could well be 
due to the residual temperature correlation between 
“day0” and the etiologically relevant days.
　 In this study,  relative humidity did not aﬀect the 
onset of inﬂuenza.  This was probably due to the fact 
that the humidity was high with only small ﬂuctuations 
in Okayama city during the study period (i.e.,  mean 
relative humidity in the 06/07 winter season was 
57-69ｵ).  It has been demonstrated that the relative 
humidity most favorable for virus transmission in 
guinea pigs is 20-35ｵ [3],  much lower than that 
found in Okayama city during the study period.  In a 
relatively humid environment like Okayama city,  tem-
perature would be a more important factor than rela-
tive humidity for the onset of inﬂuenza.  Future stud-
ies in other climate zones are warranted to examine 
the comparative eﬀects of temperature and relative 
humidity to humans.
　 The advantages of our study design are as follows:  
First,  unknown factors,  especially time-independent 
factors,  were adjusted using the case-crossover 
design.  For example,  matching with natural immune 
ability,  immune level by vaccination,  individual envi-
ronmental factors such as heating equipment,  and 
behaviors could be achieved.  Although information 
about vaccination of inﬂuenza was not available,  we 
believe that subjects who sought it were vaccinated by 
the beginning of this study because inﬂuenza vaccina-
tion is available from around October annually.  
Secondly,  by using the time-stratiﬁed design,  we 
could adjust confounding due to time trends of expo-
sure,  seasonality,  and weeks as much as possible.  
Third,  we examined 2 ways to select references.  The 
point estimates of ORs obtained from the symmetric 
bidirectional design were lower than those obtained 
from the time-stratiﬁed design.  However,  the trends 
of the results were similar [22].  Fourthly,  as expo-
sures (average temperature and relative humidity) 
were exogenous,  the design could be considered a 
natural experiment [23].  Therefore,  we did not 
adjust for the following factors: type of feeding,  
attendance or not at day-care and exposure to second-
hand smoke.  Fifth,  we used individual and daily data,  
not aggregated and weekly data as used out in previous 
studies.  As a result,  we could conduct more detailed 
analyses within the same season.  Finally,  dropouts 
amounted to only 3 inﬂuenza-positive patients.
　 The disadvantages of this study are as follows:  
First,  because we used meteorological data obtained 
from a measurement point in Okayama city which was 
a distance from the pediatric clinic,  exposure misclas-
siﬁcation may have been introduced.  However,  this 
non-diﬀerential bias would simply distort the present 
ﬁndings toward the null [24].  Second,  the number of 
patients who refused the inﬂuenza test is unknown.  
Nevertheless,  we think this is unimportant,  as refus-
als were independent from exposure.  Third,  as we 
only used data from one pediatric clinic in one winter 
season,  the generalizability of the current ﬁndings 
may be limited.  However,  our data showed a similar 
trend to the overall inﬂuenza data compiled for 
Okayama city (＜http://www.city.okayama.jp/con-
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tents/000076391.pdf＞ accessed November,  2010).  
Further,  our data are relatively compatible with the 
national surveillance data in the 2006/07 season,  the 
national agents surveillance showed that the epidemic 
predominantly consisted of inﬂuenza AH3 (49.1ｵ) and 
B (40.3ｵ),  and each epidemic curve was almost the 
same pattern (＜http://idsc.nih.go.jp/iasr/index-j.html＞ 
accessed on November,  2010).  The peak week of the 
epidemic in the national diseases surveillance data was 
the 11th week of 2007 (12-18 in March) (＜http://
idsc.nih.go.jp/idwr/index.html＞ accessed Novem ber,  
2010).
　 We showed that low temperatures,  especially a low 
mean temperature before the incubation period (lag3 
to lag0),  signiﬁcantly increased the risk of inﬂuenza 
onset within a single winter season.  Given the rela-
tively humid environment such as Okayama city,  tem-
perature was a more important factor for the onset of 
inﬂuenza.  Further epidemiologic studies are neces-
sary to examine the eﬀect of humidity more closely and 
to clarify the mechanism of human inﬂuenza epidemics 
in temperate zones.
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